Introduction of a rapid, simple radioimmunoassay and quality control scheme for thyroxine LYNN SYNOPSIS A simple radioimmunoassay has been developed for service purposes to determine serum total thyroxine levels. Only three additions are required, of standard or sample, labelled thyroxine and antibody in polyethylene glycol. After 2 hours' incubation at room temperature the antibody-bound and free fractions are separated by centrifugation. Serum total thyroxine levels were measured in 195 euthyroid subjects and it was established that normal values lay within the range 57 to 155 nmol/l. Serial blood samples taken over a 24-hour period, from 11 subjects, indicated that there was no circadian rhythm so that samples for total thyroxine assay can be taken at any time of the day. Similar results were obtained using serum or plasma. Satisfactory results were obtained for three quality control sera when measured by seven different laboratories using this method.
Until recently the determination of protein-bound iodine (PBI) was the single most widely used in-vitro test for the evaluation of thyroid function; however, its diagnostic accuracy is severely impaired because many samples are contaminated by iodine. Murphy and Pattee (1964) developed a protein-binding assay for thyroxine (T4) which was unaffected by either endogenous or exogenous iodine. Because of difficulties in raising suitable antibodies, the development of more specific radioimmunoassays was slow. In 1971, Chopra and his colleagues succeeded in raising antibodies to T4 by immunizing rabbits with thyroglobulin, and since then other workers have produced more specific antibodies with higher titres by immunizing rabbits and sheep with T4 :serum albumin conjugates (Mitsuma et al, 1972; Corcoran et al, 1973 29 October 1975 solid phase supports, and ion exchange resin (Ratcliffe et al, 1974a) showed that PEG gave the lowest 'between batch' coefficient of variation, was inexpensive (cost per tube 0 03p), and, unlike charcoal, could be added at the beginning of the assay and was not time dependent.
The present paper summarizes our experience with a service radioimmunoassay for T4 based on the use of PEG for separation and phosphate rather than barbital buffer, as the former was employed for the other service assays. The results of a quality control scheme involving seven different laboratories which employ the same reagents and assay protocol are also reported. (a) the maximum binding of 1251-T4 (Bo) in which unlabelled T4 was replaced by T4 free serum; (b) the blank (Bb) in which unlabelled T4 was replaced by T4 free serum and the antibody/PEG solution by 20 % PEG, and (c) the total radioactivity (T) in which 1251-T4 only was added. The tubes were vortexed and incubated at room temperature for 2 hours. Antibody-bound and free fractions were separated by centrifugation for 15 minutes at 700 g and aspiration of the supernatant fluid. The precipitates, which contained the bound fraction, were counted in an automatic gamma counter.
In this laboratory, standards and serum samples were dispensed with an Ependorf pipette, ANS/ *Rast Allergy Unit, Benenden Chest Hospital, Benenden Kent. 1251-T4 using a Hamilton syringe, and antibody/PEG with a repeating syringe.
CALCULATIONS
After subtraction of the blank, the antibody-bound fraction (Bi) was expressed either as a percentage of the total radioactivity (B -Bb/T x 100) or as a percentage of the maximum binding (Bi -Bb/Bo x 100). The best cubic curve was computed for the standards using the method of least squares, and the amount of T4 in the test samples was interpolated automatically using a suitable computer program and a 9100b calculator (Hewlett-Packard).
Manual methods of calculation, although more time consuming, could be employed which gave results identical with those obtained by computerized techniques.
INVESTIGATION OF EFFECT OF BARBITAL BUFFER ON PRE-ALBUMIN BINDING
A standard curve, 10 samples, and the three quality control sera were measured in duplicate (a) in barbital buffer, pH 8-6 and (b) in phosphate buffer, pH 7-4.
QUALITY CONTROL SCHEME Control sera: A pool of normal serum (the normal quality control, NQC) was prepared, and its T4 content was determined repeatedly and found to be approximately 100 nmol/l. An aliquot of this serum was diluted 1:2 with T4 free serum to give the low quality control serum (LQC) containing approximately 50 nmol/l, and standard T4 was added to another aliquot to give the high quality control serum (HQC) containing approximately 200 nmol/l. These three pools were aliquoted and stored at -200C.
To assess intralaboratory variation the 'withinbatch' coefficient of variation was assessed by 10 simultaneous analyses of each of the quality control sera, and the 'between-batch' by analysis of the NQC in duplicate in 61 consecutive assays.
To assess interlaboratory variation the three quality control sera were sent by post to six different laboratories where the T4 content was determined using the same reagents and a protocol identical with that described in this paper. (Ormston et al, 1971) , indicating that they were also 'biochemically euthyroid'.
(b) To assess any circadian changes, six men and five women, aged 21 to 34 years, had repeated venepunctures at 2-hourly intervals between 8 am and 8 pm, and also at midnight and at 4 am.
(c) To compare serum and plasma, blood samples were collected from 10 clinically euthyroid subjects, half of each sample being collected into a plain glass tube and allowed to clot, while the remainder was collected into a lithium heparinized tube (containing approximately 10 U heparin/mI).
All samples, unless otherwise stated, were serum stored at -20°C before assay. 
Results
A typical standard curve is shown in figure 1 . Blank values were approximately 10 %. The 'within-batch' coefficient of variation for the low, normal, and high quality control sera were 5-6, 2-5, and 6-2% respectively, and the 'between-batch' coefficient of variation for the normal quality control serum was 5 5 %. Table I shows the values for the three quality control sera when measured by six different laboratories using this method and these were considered satisfactory. Doubling dilutions of six serum samples were prepared using T4 free serum and their T4 content was measured. Figure 1 shows parallelism with the standard curve. Similar results were obtained for serum and lithium heparinized plasma, the mean total T4 levels for the 10 subjects studied being 94-7 ± 13-9 and 942 + 14-4 nmol/l respectively.
Discussion
Thyroid disorders are among the commonest endocrine abnormalities, and, therefore, most chemical pathology laboratories receive large numbers of requests which necessitate a simple screening procedure in order to cope with the ever increasing demand.
Until recently, total T4 levels were determined either indirectly as PBI or more directly by proteinbinding methods. The results obtained, however, may be affected by non-specific interference. In an investigation of thyroid disease in geriatric subjects, Jefferys (1972) showed that at least one patient in 10 had a spuriously raised PBI attributable to iodine contamination while, in a study of the stability of thyroid hormones (Nye et al, 1975) , it was shown that when plasma and serum samples are stored at room temperature their apparent T4 content increases significantly when measured by proteinbinding methods but remains stable for at least two weeks when measured by radioimmunoassay. Rootweld (1975) has demonstrated that this apparent increase in total T4 is due to non-specific interference by free fatty acids which are released slowly on storage. This instability problem is obviously important when samples are sent by post. Thus radioimmunoassay is the only specific method which is available for the measurement of total T4. 
